It has previously been discovered that there is a universal power law behavior exhibited by the late X-ray emission (LXRE) of a "golden sample" (GS) of six long energetic GRBs, when observed in the rest-frame of the source. This remarkable feature, independent of the different isotropic energy (E iso ) of each GRB, has been used to estimate the cosmological redshift of some long GRBs. This analysis is extended here to a new class of 161 long GRBs, all with E iso > 10 52 erg. These GRBs are indicated as binary-driven hypernovae (BdHNe) in view of their progenitors: a tight binary system composed of a carbon-oxygen core (CO core ) and a neutron star undergoing an induced gravitational collapse (IGC) to a black hole triggered by the CO core explosion as a supernova (SN). We confirm the universal behavior of the LXRE for the "enlarged sample" (ES) of 161 BdHNe observed up to the end of 2015, assuming a double-cone emitting region. We obtain a distribution of half-opening angles peaking at θ = 17.62
INTRODUCTION
The initial observations by the BATSE instrument on board the Compton γ-ray Observatory satellite have evidenced what has later become known as the prompt radiation of GRBs. On the basis of their hardness as well as their duration, GRBs were initially classified into short and long at a time when their cosmological nature was still being disputed (Mazets et al. 1981; Klebesadel 1992; Dezalay et al. 1992; Kouveliotou et al. 1993; Tavani 1998) .
The advent of the BeppoSAX satellite (Boella et al. 1997 ) introduced a novel approach to GRBs by introducing joint observations in the X-rays and γ-rays thanks to its instruments: the Gamma-ray Burst Monitor (40-700 keV), the Wide Field Cameras (2-26 keV), and the Narrow Field Instruments (2-10 keV). The unexpected and welcome discovery of the existence of a well separate component in the GRB soon appeared: the afterglow radiation lasting up to 10 5 -10 6 s after the emission of the prompt radiation (see Costa et al. 1997a,b; Frontera et al. 1998 Frontera et al. , 2000 de Pasquale et al. 2006) . Beppo-SAX clearly indicated the existence of a power law behavior in the late X-ray emission (LXRE; see Fig. 1 ).
The coming of the Swift satellite (Gehrels et al. 2004; Evans et al. 2007 Evans et al. , 2010 , significantly extending the observation in the X-ray band thanks to its X-ray Telescope (XRT band: 0.3-10 keV), has allowed us for the first time to cover the unexplored region between the end of the prompt radiation and the power law late X-ray behavior discovered by BeppoSAX : in some long GRBs a steep decay phase was observed followed by a plateau leading then to a typical LXRE power law behavior (Evans et al. 2007 (Evans et al. , 2010 .
Already, Pisani et al. (2013) noticed the unexpected result that the LXREs of a "golden sample" (GS) of six long, closeby (z 1), energetic (E iso > 10 52 erg) GRBs, when measured in the rest-frame of the sources, were showing a common power law behavior (see Fig. 2 ), independently from the isotropic energy E iso coming from the prompt radiation (see Fig 3) . More surprising was the fact that the plateau phase luminosity and duration before merging in the common LXRE power law behavior were clearly functions of the E iso (see Fig. 3 , and Ruffini et al. 2014c) , while the late power law remains independent from the energetic of the prompt radiation (see Fig. 2-3, and Pisani et al. 2013; Ruffini et al. 2014c) . For this reason, this remarkable scaling law has been used as a standard candle to independently estimate the cosmological redshift of some long GRBs by requiring the overlap of their LXRE (see, e.g., Penacchioni et al. 2012 Penacchioni et al. , 2013 Ruffini et al. 2013b Ruffini et al. ,c, 2014a , and also to predict, 10 days in advance, the emergence of the typical optical signature of the supernova SN 2013cq, associated with GRB 130427A (Ruffini et al. , 2013a de Ugarte Postigo et al. 2013; Levan et al. 2013) . Pisani et al. (submitted) Figure 2. Scaling law found in the isotropic X-ray late times luminosity within the GS by Pisani et al. (2013) . Despite the different early behavior, the different light curves join all together the same power law after a rest-frame time of t rf ∼ 2 × 10 4 s.
Pisani et al. (submitted)
The current analysis is based on the paradigms introduced in Ruffini et al. (2001a) for the spacetime parametrization of the GRBs, in Ruffini et al. (2001b) for the interpretation of the structure of the GRB prompt emission, and in Ruffini et al. (2001c) for the induced gravitational collapse (IGC) process, further evolved in Ruffini et al. (2007) , Rueda & Ruffini (2012) , Fryer et al. (2014) , and Ruffini et al. (2016c) . In the present case, the phenomenon points to an IGC occurring when a tight binary system composed of a carbon-oxygen core (CO core ) undergoes a supernova (SN) explosion in the presence of a binary neutron star (NS) companion (Ruffini et al. 2001b (Ruffini et al. , 2007 Izzo et al. 2012a; Rueda & Ruffini 2012; Fryer et al. 2014; Ruffini et al. 2015) . When the IGC leads the NS to accrete enough matter and therefore to collapse to a black hole (BH), the overall observed phenomenon is called binary-driven hypernova (BdHN; Fryer et al. 2014; Ruffini et al. 2015 Ruffini et al. , 2016c .
A crucial further step has been the identification as a BdHN of GRB 090423 (Ruffini et al. 2014b) Figure 3 . Nested structure of the isotropic X-ray luminosity of the BdHNe. This includes the previously mentioned scaling law of the late power law and leads to an inverse proportionality between the luminosity of the plateau and the rest-frame time delimiting its end and the beginning of the late power law decay Ruffini et al. (2014c) .
Figure 4. X-ray luminosity of GRB 090423 (black points) compared with the one of GRB 090618 (green points), the prototype BdHN, by Ruffini et al. (2014b) .
extreme redshift of z = 8.2 (Salvaterra et al. 2009; Tanvir et al. 2009 ). On top of that, the LXRE of GRB 090423 overlaps perfectly with the ones of the GS (see Fig. 4 ), extending such a scaling law up to extreme cosmological distances. This result led to the necessity of checking such an universal behavior of the LXREs in BdHNe at redshifts larger than z ∼ 1 (see the sample list in Table  2 ). It is clear by now that the afterglow analysis is much more articulated than previously expected and contains new specific signatures. When theoretically examined within our framework, these new signatures lead to specific information on the astrophysical nature of the progenitor systems (Ruffini et al. 2016c) . In the present paper, we start by analysing the signatures contained in the LXREs at t rf 10 4 s, where t rf is the rest-frame time after the initial GRB trigger. In particular, we probe a further improvement for the existence of such an LXRE universal behavior of BdHNe by the introduction of a collimation correction.
In Section 2 we present an "enlarged sample" (ES) of 161 BdHNe observed up to the end of 2015. In particular, we express for each BdHN: (1) redshift; (2) E iso ; and (3) the LXRE power law properties. We probe the uni-versality of the LXRE power law behavior as well as the absence of correlation with the prompt radiation phase of the GRB. In Section 3 we introduce the collimation correction for the LXRE of BdHNe. This, in turn, will aim to the possible establishment of a new cosmological candle, up to z 8. In Section 4 we present the inferences for the understading of the afterglow structure, and, in Section 5, we draw our conclusions.
THE BDHNE ENLARGED SAMPLE
We have built a new sample of BdHNe, which we name "enlarged sample" (ES), under the following selection criteria:
• measured redshift z;
• GRB rest-frame duration larger than 2 s;
• isotropic energy E iso larger than 10 52 erg; and
• presence of associated Swift/XRT data lasting at least up to t rf = 10 4 s.
We collected 161 sources, which satisfy our criteria, covering 11 years of Swift/XRT observations, up to the end of 2015, see Table 2 . The E iso of each source has been estimated using the measured redshift z together with the best-fit parameters of the γ-ray spectrum published in the GCN circular archive 8 . The majority of the ES sources, 102 out of 161, have γ-ray data provided by Fermi /GBM and Konus-WIND, which, with their typical energy bands being 10-1000 keV and 20-2000 keV, respectively, lead to a reliable estimate of the E iso , computed in the "bolometric" 1-10 4 keV band (Bloom et al. 2001) . The remaining sources of the ES have had their γ-ray emission observed by Swift/BAT only, with the sole exception of one source observed by HETE. The energy bands of these last two detectors, being 15-150 keV and 8-400 keV, respectively, lead to a standard estimate of E iso by extrapolation in the "bolometric" 1-10 4 keV band (Bloom et al. 2001) .
We compare the Swift/XRT isotropic luminosity light curve L iso rf for 161 GRBs of the ES in the common restframe energy range of 0.3 -10 keV. We initially convert the observed Swift/XRT flux f obs as if it had been observed in the 0.3 -10 keV rest-frame energy range. In the detector frame, the 0.3 -10 keV rest-frame energy range becomes [0.3/(1 + z)] -[10/(1 + z)] keV, where z is the redshift of the GRB. We assume a simple power law function as the best fit for the spectral energy distribution of the Swift/XRT data 9 :
Therefore, we can compute the flux light curve in the 0.3 -10 keV rest-frame energy range, f rf , multiplying the observed one, f obs , by the k-correction factor:
8 http://gcn.gsfc.nasa.gov/gcn3 archive.html 9 http://www.swift.ac.uk/ Then, to compute the isotropic X-ray luminosity L iso , we have to multiply f rf by the spherical surface having the luminosity distance as radius
where we assume a standard cosmological ΛCDM model with Ω m = 0.27 and Ω Λ = 0.73. Finally, we convert the observed times into rest-frame times t rf :
We then fit the whole isotropic luminosity light-curve late phase with a decaying power law function defined as follows:
where α, the power law index, is a positive number, and L 0 is the luminosity at an arbitrary time t rf = t 0 after the GRB trigger in the rest-frame of the source. All the power laws are shown in Fig. 5b . Fig. 6a shows the distribution of the α indexes within the ES. Such a distribution follows a Gaussian behavior with a mean value of µ α = 1.48 and a standard deviation of σ α = 0.32. The LXRE luminosity light curves of the ES in the 0.3-10 keV rest-frame energy band are plotted in Fig. 5a , compared to the curves of the GS. Fig. 5a shows that the power laws within the ES span around two orders of magnitude in luminosity. The spread of the LXRE light curves in the ES is better displayed by Fig. 6b which shows the distribution within the ES of the LXRE integrated energies E LT defined as:
We choose to represent the spread of the LXRE luminosity light curves with the late integrated energy E LT at late times (t rf = 10 4 -10 6 s) instead of the luminosity L iso at a particular time for two reasons: (1) there is no evidence for a particular time in which to compute L iso and (2) we want to have a measurement of the spread as much as possible independent from the slopes, whose dispersion causes the mixing of part of the light curves over time (see Fig. 5b ). The integration time interval t rf = 10 4 -10 6 reasonably contains most of the data in the late power law behavior. In fact, the lower limit t rf = 10 4 s is basically the average of the initial time for our linear fits on the data (more precisely t start rf = 9167.13 s), while the upper limit t rf = 10 6 has been chosen because only 14% of the ES have X-ray data over such rest-frame time.
The solid red line in Fig. 6b represents the Gaussian function that best fits the late integrated energies E LT in logarithmic scale. Its mean value is µ Log 10 (E LT ) = 51.40, while its standard deviation is σ Log 10 (E LT ) = 0.47.
The LXRE power-law spread, given roughly by 2σ Log 10 (E LT ) = 0.94, is larger in respect to the previous work of Pisani et al. (2013) , which results as 2σ Log 10 (E LT ) = 0.56. This is clearly due to the significant growth of the number of BdHNe composing the ES (161) in respect to the ones of the GS (6).
Furthermore, Fig. 6c-d show the scatter plots of the values of α and E LT , respectively, versus the values of the E iso for all the sources of the ES. In both cases the . Panel (a): distribution of the LXRE power law indexes α within the ES (cyan) compared to the one of the GS (red). Such a distribution follows a Gaussian behavior (blue line) with a mean value of µα = 1.48 and a standard deviation of σα = 0.32. Panel (b): probability distribution of the LXRE integrated energies within the time interval 10 4 -10 6 s in the rest-frame after the initial GRB trigger for all the sources of the ES (in green) compared with the GS (in blue). The solid red line represents the Gaussian function which best fits the ES data in logarithmic scale. Its mean value is µ Log 10 (E LT ) = 51.40, while its standard deviation is σ Log 10 (E LT ) = 0.47. Panel (c): scatter plot of α versus E iso (cyan points) in logaritcmic scale. The dashed gray line is the best linear fit on such points. If we look at the correlation coefficient of these data points, ρ = 0.20, we conclude that there is no evidence for correlation between the two quantities. Panel (d): scatter plot of E LT versus E iso (green points) in logaritcmic scale. The dashed gray line is the best linear fit on such points. If we look at the correlation coefficient of these data points, ρ = 0.37, we conclude that there is no evidence for correlation between the two quantities.
correlation factors, ρ = 0.20 and ρ = 0.37 respectively, are low, confirming that there is no evidence for a correlation between the LXRE power law behavior and the isotropic energy emitted by the source during the prompt radiation. These results address a different aspect than the ones by Margutti et al. (2013) . There, the authors, after correctly noticing the difficulties of the traditional afterglow model (Meszaros & Rees 1997; Sari et al. 1998) , attempt to find a model-independent correlation between the Xray light curve observed in both short and long GRBs with their prompt emission. In their work, Margutti et al. (2013) have considered the integrated X-ray emission over the entire light curve observed by XRT, following ∼ 300 s after the GRB trigger both for short and long GRBs. Such an emission is clearly dominated by the contribution at t rf < 10 4 s, where a dependence from the E iso is self-evident from the above Fig. 2 and Fig. 3 . Our approach instead solely applies to the BdHNe: (1) long GRBs, and (2) E iso > 10 52 erg. This restricts the possible sources in the Margutti et al. (2013) sample to 70 GRBs: in the present article, we consider a larger sample of 161 BdHNe. Moreover, (3) our temporal window starts at t rf 10 4 s. Under these three conditions, our result of the universal LXRE behavior has been found.
COLLIMATION
We here propose to reduce the spread of the LXRE power laws within the ES by introducing a collimation effect in the emission process. In fact, if the emission is not isotropic, Fig. 5a -b should actually show overestimations of the intrinsic LXRE luminosities. By introducing a collimation effect, namely assuming that the LXREs are not emitted isotropically but within a doublecone region having half-opening angle θ, we can convert the isotropic L iso (t rf ) to the intrinsic LXRE luminosity L intr (t rf ) as:
From Eq. 7, an angle θ can be inferred for each source of the ES if an intrinsec universal LXRE light curve L intr (t rf ) is assumed. For example, assuming an intrinsic standard luminosity L intr 0 , at an arbitrary time t rf = t 0 , Eq. 7 becomes L intr 0 = L 0 (1 − cos θ), which, in principle, could be used to infer θ for each source. On the other hand, for the same reasons expressed in the previous section, we choose to estimate the angles θ using the LXRE integrated energy E LT instead of the L iso at a particular time. Therefore, we simply integrate Eq. 7 in the rest-frame time interval 10 4 -10 6 s:
obtaining, consequentially
By assuming a universal E intr LT for all BdHNe, it is possible to infer θ for each source of the ES. We assume GRB 050525A, having the lowest E LT within the ES, as our unique "isotropic" source, namely, in which we can impose E intr LT = E LT , which automatically gives θ = 90
• , which means that the LXRE luminosity is emitted over all the isotropic sphere. On the top of having the weakest LXRE over 11 years of Swift/XRT observations, GRB 050525A: (a) has been observed by Konus-WIND in the γ-rays (Golenetskii et al. 2005) , then its E iso estimate is reliable; (b) has a reliable late X-ray slope given by a complete Swift/XRT light curve (showing a late power law behavior from 4000 to 7 × 10 5 s in the rest frame); (c) has an associated supernova (Della Valle et al. 2006b,a) . An instrumental selection effect cannot affect this choice since Swift/XRT can easily detect and follow X-ray emissions weaker than that of GRB 050525A. Some examples are the two X-ray luminosity light curves shown of GRB 060218 and GRB 101219B in Fig. 8-a . Furthermore, in the case of a future observation of a BdHN showing a E LT weaker than the one of GRB 050525A, a renormalization of the angle distribution of Fig. 7a down to lower angle values with respect to the new minimum one would be required, leaving the overall angle distribution unaltered. All of these facts make GRB 050525A a robust "isotropic" BdHN candidate. With E intr LT = E 050525A LT = 2.43 × 10 50 now fixed, a half-opening angle θ is inferred for each source of the ES using Eq. 9. The values of θ are listed in Table 2 . Fig.  7a shows the probability distribution of the half-opening angle θ within the ES. The blue solid line represents a logarithmic normal distribution, which best fits the data. This distribution has a mode of M o θ = 17.62
• , a mean of µ θ = 30.05
• , a median of M e θ = 25.15
• , and a standard deviation of σ θ = 19.65
• . Moreover, it is possible to verify that, by correcting the L iso rf light curve of each ES source for its corresponding θ, an overlap of the LXRE luminosity light curves as good as the one seen in the GS by Pisani et al. (2013) shown in Fig. 2 is obtained. Since the LXRE follows a power law behavior, we can quantify the tightness of the LXREs overlap looking at the correlation coefficient ρ between all the luminosity light-curve data points of the ES sources in log-log scale. Considering the data points of the LXRE power laws within the 10 4 -10 6 s time interval (where we have defined E LT ), we obtain ρ = −0.94 for the GS, ρ = −0.84 for the ES before the collimation correction, and ρ = −0.97 after the correction. Therefore, the collimation correction not only reduces the spread of the LXREs within the ES, but makes the LXREs overlap even tighter than the one previously found in the GS.
Finally, in order to test the robustness of our results, we do the same analysis excluding, by the ES, the sources seen only by Swift/BAT or HETE and not by Fermi /GBM or Konus-WIND, under the hypothesis that their E iso estimates are unreliable. The results obtained using this new sample called ES2, namely the typical value and the dispersion of α, E LT , and θ are summarized in Table 1 . There is no significant difference between the results obtained from the two samples. Therefore, we conclude that a possible wrong estimate of E iso for the sources observed by only Swift/BAT or HETE and not by Fermi /GBM or Konus-WIND does not bias our results.
INFERENCES FOR THE UNDERSTANDING OF THE X-RAY AFTERGLOW STRUCTURE
In the last 25 years we have seen in the GRB community a dominance of the fireball model, which sees : corrected LXRE luminosity light curves of all 161 sources of the ES (gray) compared to the ones of the GS: GRB 060729 (pink), GRB 061007 (black), GRB 080913B (blue), GRB 090618 (green), GRB 091127 (red), and GRB 111228 (cyan), plus GRB 130427A (purple; Pisani et al. 2013; Ruffini et al. 2015) . The black dotted line represents the universal LXRE power law, namely the linear fit of the late emission of GRB 050525A. the GRB as a single astrophysical system, the "Collapsar", originating from an ultra-relativistic jetted emission described by the synchrotron/self-synchrotron Compton (SSC) and traditional afterglow models (see, e.g. Woosley 1993; Rees & Meszaros 1992; Piran 2005; Gehrels et al. 2009; Kumar & Zhang 2015 , and references therein). Such methods have been systematically adopted to different types of GRBs like, for example, the short, hard GRB 090510 (Ackermann et al. 2010) , the high energetic long GRB 130427A (Perley et al. 2014) , the low energetic short GRB 051221A (Soderberg et al. 2006b ), and the low energetic long GRB 060218 (Campana et al. 2006; Soderberg et al. 2006a) , independently from the nature of their progenitors. In the recent four years, substantial differences among seven distinct kinds of GRBs have been indicated, presenting different spectral and photometrical properties on different time scales (Ruffini et al. 2016c ). The discovery of several long GRBs showing multiple components and evidencing the presence of a precise sequence of different astrophysical processes during the GRB phenomenon (e.g. Izzo et al. 2012b; Penacchioni et al. 2012) , led to the introduction of a novel paradigm expliciting the role of binary sources as progenitors of the long GRB-SN connection. This has led to the formulation of the IGC paradigm (Ruffini et al. 2001b (Ruffini et al. , 2007 Izzo et al. 2012a; Rueda & Ruffini 2012; Fryer et al. 2014; Ruffini et al. 2015) . Within the IGC paradigm, a tight binary system composed of a carbon-oxygen core (CO core ) undergoing a supernova (SN) explosion in the presence of a binary NS companion has been suggested as the progenitor for long gamma-ray bursts. Different scenarios occur depending on the distance between the CO core and the NS binary companion (Becerra et al. 2015) . Correspondingly two different sub-classes of long bursts have been shown to exist (for details, see Ruffini et al. 2015 Ruffini et al. , 2016c . A first long burst sub-class occurs when the CO core -NS binary separation a is so large (typically a > 10 11 cm, see, e.g., Becerra et al. (2015) that the accretion of the SN ejecta onto the NS is not sufficient to have the NS reach its critical mass, M crit , for gravitational collapse to a BH to occur. The hypercritical accretion of the SN ejecta onto the NS binary companion occurs in this case at rates below 10 −2 solar masses per second and is characterized by a large associated neutrino emission (Zel'dovich et al. 1972; Ruffini & Wilson 1973; Rueda & Ruffini 2012; Fryer et al. 2014) . We refer to such systems as X-ray flashes (XRFs). A second long burst subclass occurs when the CO core -NS binary is more tightly bound (a < 10 11 cm, see, e.g., Becerra et al. (2015) . The larger accretion rate of the SN ejecta, e.g., 10
−2 -10 −1 solar masses per second, leads the companion NS to easily reach its critical mass M crit (Rueda & Ruffini 2012; Fryer et al. 2014; Becerra et al. 2015) , leading to the formation of a BH. We refer to such systems as binary-driven hypernovae (BdHNe, see, e.g., Ruffini et al. 2014c Ruffini et al. , 2015 . A main observational feature, which allows us to differentiate BdHNe from XRFs is the isotropic γ-ray energy E iso being larger than 10 52 erg. Such a separation energy value is intimately linked to the binary separation a of the binary progenitor and the consequent birth or not of the BH (for details, see Ruffini et al. 2016c ).
Thanks to the XRT instrument on board the Swift satellite (Gehrels et al. 2004; Evans et al. 2007 Evans et al. , 2010 , we can compare and contrast the X-ray afterglow emissions of BdHNe and XRFs (see Fig. 8 ). The typical X-ray afterglows of XRFs can be divided into two main parts: an initial bump with rapid decay, followed by an emerging slight decaying power law (see Fig. 8 ). The typical X-ray afterglow light curve of BdHNe can be divided into three different parts: (1) an initial spike followed by an early Figure 8 . Comparison between rest-frame luminosity light curves of proto-tipycal BdHNe and XRFs sources. The BdHNe shown are GRB 130427A (dark green) and GRB 090618 (light green); while the XRF shown are GRB 101219B (red), GRB 060218 (pink), and GRB 980425 (blue).
steep power law decay; (2) a plateau phase; and (3) a late power law decay, the LXRE, which is the presented in this work Nousek et al. 2006) . The treatment of the first parts of the X-ray afterglow of BdHNe, namely the spike, the initial steep decay, and the plateau phase, indeed fundamental within the BdHN picture, is beyond the scope of this article and it will be extensively shown in forthcoming works (Ruffini et al. 2016a,b, both in preparation) .
The universalities of the LXRE outlined in this article are then explained within the IGC paradigm, originating from the interaction of the GRB with the SN ejecta. The constancy of the late power law luminosity in the rest frame is now explained in terms of the constancy in mass of the SN ejecta, which is standard in a BdHN (Rueda & Ruffini 2012; Fryer et al. 2014; Becerra et al. 2015) .
It is appropriate to point out that no achromatic "Jetbreak" effect has been observed in any of the 161 sources of our ES. We recall that the achromatic "Jet-break" effect is a consequence of relativistic jet pictures (Lorentz factor Γ ∼ 100-200), in which a change of slope is expected in the late X-ray light curve (see e.g. Woosley 1993; Rees & Meszaros 1992; Piran 2005; Gehrels et al. 2009; Kumar & Zhang 2015 , and references therein), which clearly does not apply in the case of the BdHN following the IGC model. In this scenario, a velocity of expansion v ∼ 0.8c (Lorentz factor Γ ∼ 2) is found, indicating that the collimation of the SN ejecta originates in a mildly relativistic regime (Ruffini et al. 2014c . This cannot be related to the ultra-relativistic jet emission recalled above, considered in the early work of Frail et al. (2001) and continued all the way to the more recent results presented by Ghirlanda et al. (2013) . These authors attempted to explain all GRBs as originating from a single object with an intrinsic energy approximately of 10 50 erg or 10 48 erg (Ghirlanda et al. 2013) : the different energetics and structures of all the GRBs were intended to be explained by the beaming effect with different ultra-relativistic Lorentz factors Γ ∼ 100-200. Indeed, it is by now clear (see Ruffini et al. 2015 Ruffini et al. , 2016c that at least seven different classes of GRBs exist, each with different progenitors, different energies, and different spectra. In no way these distinct classes can be explained by a single common progenitor, using simply relativistic beaming effects.
CONCLUSIONS
In this work, we give new statistical evidence for the existence of a universal behavior for the LXREs of BdHNe, introducing the presence of a collimation effect in such emission, and presenting the common LXRE energy E intr LT = E 050525A LT = 2.43 × 10 50 as a standard candle. We build an "enlarged sample" (ES) of 161 BdHNe, and focus on their LXREs and then we introduce a collimation effect. These analyses lead us to the following results.
1) We find for the ES an increased variability in the decaying LXRE power law behavior in respect to the result previously deduced by Pisani et al. (2013) . The typical slope of the power law characterizing the LXRE is α = 1.48 ± 0.32 (GS: α = 1.44 ± 0.18), while the latetime integrated luminosity between 10 4 -10 6 seconds in the rest frame is Log 10 (E LT /erg) = 51.40 ± 0.47 (GS: Log 10 (E LT /erg) = 51.15 ± 0.28).
2) The introduction of a collimation in the LXRE recovers a universal behavior. Assuming a double-cone shape for the LXRE region, we obtain a distribution of half-opening angles peaking at θ = 17.62
• , with a mean value of 30.05
• , and a standard deviation of 19.65
• , see Fig. 7a .
3) The application of the collimation effect to the LXREs of the ES indeed reduces the scattering of the power law behavior found under the common assumption of isotropy; see Fig. 5a -b. The power law scattering of the LXREs, after being corrected by the collimation factor, results in being even lower than the one found in the GS; see Fig. 7b .
The fact that these extreme conditions neither were conceived nor are explained within the traditional ultrarelativistic jetted SSC model (see, e.g. Woosley 1993; Rees & Meszaros 1992; Piran 2005; Gehrels et al. 2009; Kumar & Zhang 2015 , and references therein), in view also of the clear success of the IGC paradigm in explaining the above features, comes as a clear support to a model for GRBs strongly influenced by the binary nature of their progenitors, involving a definite succession of selected astrophysical processes for a complete description of the BdHNe.
These intrinsic signatures in the LXREs of BdHNe, independent from the energetics of the GRB prompt emission, open the perspective for a standard candle up to z 8.
It is remarkable that the universal behavior occurs in the rest-frame time interval 10 4 -10 6 s, which precisely corresponds to the temporal window of the early observations of Beppo-SAX at the time of the afterglow discovery (see Fig 1) .
We thank both the editor and the referee for the fruitful correspondence that improved the presentation of our results. This work made use of data supplied by the UK Swift Science Data Center at the University of Leicester Table 2 List of the the ES of BdHNe considered in this work. It is composed by 161 sources spanning 11 years of Swift/XRT observation activity. In the table we report important observational features: the redshift z, our estimates of the LXRE plower-law slope α, the late times energy E LT , the collimation half-opening angle θ, the isotropic energy E iso of the GRB, the observing instrument in the γ-ray band, and the correspondent circular (GCN) from which we take the γ-ray spectral parameters in order to estimate the E iso of the GRB source. 
